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PURPOSE: To provide a cutting tool made of a gradient hard layer coated sintered hard alloy showing excellent cutting 
performance for any cutting. 
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ABSTRACT: 

PURPOSE: To provide a cutting tool made of a gradient hard layer coated 
sintered hard alloy showing excellent cutting performance for any cutting. 

CONSTITUTION: This cutting tool made of the gradient hard layer coated 
sintered hard alloy is obtd. by coating the surface of a sintered hard alloy 
matrix with a titanium nitride layer or, without coating, coating the surface 
with aTi (CxNy) [x+y=1] gradient hard layer and furthermore coating the 
surface of the Ti (CxNy) [x+y=1] gradient hard layer with a titanium carbide 
layer. The (x) in the Ti (CxNy) [x+y=1] gradient hard layer substantially 
becomes zero on the face contacting with the titanium nitride layer, changes in 
such a manner that it is increased in the layer thickness direction from the 
inner face toward the outerface and substantially becomes one on the face 
contacting with the titanium carbide layer, and on the other hand, (y) 
substantially becomes one on the face contacting with the sintered hard alloy 
matrix or titanium nitride layer, changes in the layer thickness direction from 
the inner face toward the outerface and substantially makes zero on the face 
contacting with the titanium carbide layer. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Ti(CxNy) [covered on the titanium-nitride layer covered by the front face of a cemented carbide base, and the 
aforementioned titanium-nitride layer — however In the cutting tool which has the compound enveloping layer which consists of a 
x+y=l] inclination hard layer and a titanium-carbide layer further covered on the aforementioned Ti(CxNy) [x+y=l [ however, ]] 
inclination hard layer x in the aforementioned Ti(CxNy) [x+y=l [ however, ]] inclination hard layer It is substantially set to 0 in 
respect of touching a titanium-nitride layer, and is substantially set to 1 in respect of changing so that it may increase in the 
direction of thickness from an inside toward superficies, and touching a titanium-carbide layer, on the other hand, y The cutting 
tool made from an inclination hard layer covered cemented carbide characterized by what it is substantially set to 1 in respect of 
touching a titanium-nitride layer, and is substantially set to 0 in respect of changing so that it may decrease in the direction of 
thickness toward superficies from an inside, and touching a titanium-carbide layer. 

[Claim 2] Ti(CxNy) [x+y=l [ however, ]] inclination hard layer covered by the front face of a cemented carbide base, In the 
cutting tool which has the compound enveloping layer which consists of a titanium-carbide layer covered on the aforementioned 
Ti(CxNy) [x+y=l [ however, ]] inclination hard layer x in the aforementioned Ti(CxNy) [x+y=l [ however, ]] inclination hard 
layer It is substantially set to 0 in respect of touching a cemented carbide base, and is substantially set to 1 in respect of changing 
so that it may increase in the direction of thickness from an inside toward superficies, and touching a titanium-carbide layer, on 
the other hand, y The cutting tool made from an inclination hard layer covered cemented carbide characterized by what it is 
substantially set to 1 in respect of touching a cemented carbide base, and is substantially set to 0 in respect of changing so that it 
may decrease in the direction of thickness toward superficies from an inside, and touching a titanium-carbide layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the cutting tool made from an inclination hard layer covered cemented carbide in 

which the cutting-ability ability which was excellent to any cutting is shown. 

[0002] 

Pescription of the Prior Art] Generally one sort or two sorts or more in an iron-group metal are contained as a binder-phase 
formation component. Furthermore, the need is accepted. The carbide of 4a, 5a, and 6a group metal of a periodic table, The 
cemented carbide base which a nitride and a charcoal nitride are contained 0.5 to 30% of the weight, and the remainder becomes 
from a tungsten carbide and an unescapable impurity The cutting tool made from a laminating hard layer covered cemented 
carbide which comes to cover two or more hard layer which consisted of two or more layers which become the front face of 
(calling it a cemented carbide base hereafter) from a TiC layer, a TiN layer, and a TiCN layer is known. 
[0003] Two or more hard layer of these cutting tools made from a laminating hard layer covered cemented carbide Generally 
sufficient bond strength is not obtained but the various devices for raising a bond strength are proposed, as one of them First, the 
TiN layer which excels [ front face / of a cemented carbide base ] in the bond strength most is covered as an innermost layer. The 
TiCN (C:N= regularity) layer which excelled the TiN layer in abrasion resistance is covered on the TiN layer. The cutting tool 
made from a compound hard layer covered cemented carbide which also has abrasion resistance with the bond strength to a base 
front face is proposed by covering the TiC layer which was furthermore excellent in abrasion resistance on the aforementioned 
TiCN (however, C:N= regularity) layer (refer to JP,61-170559,A). 
[0004] 

[Problem(s) to be Solved by the Invention] However, although it is called for whether it is much more efficiency of cutting and 
cutting of a severe condition is further performed rather than before in recent years, as for the cutting tool made from a hard layer 
compound covered cemented carbide which carried out compound covering, sufficient cutting-ability ability and the use life are 
not acquired by the order of the aforementioned conventional TiN layer-TiCN (C:N= regularity) layer-TiC layer to cutting of this 
severe condition. 
[0005] 

[Means for Solving the Problem] Then, the result which inquired for this invention persons to get the cutting tool made from a 
hard layer covered cemented carbide with a still longer use life when it uses for ****** of a severe condition further, (1) x of 
Ti(CxNy) [x+y=l [ however, ]] inclination hard layer is 0 substantially inside. While changing so that it may increase from an 
inside continuously toward superficies, it is substantially set to 1 outside. On the other hand, y is 1 substantially inside, and it 
changes so that it may decrease continuously toward superficies from an inside. If an inclination hard layer (only henceforth an 
inclination hard layer) which is substantially set to 0 outside is minded as an interlayer between the TiN layers and TiC layers 
which were covered by the cemented carbide base front face and made to cover It excels in a peeling resistance conventionally, 
and a use life becomes long, and the outstanding cutting tool made from a hard layer covered cemented carbide can be obtained 
(2). The aforementioned inclination hard layer Since the inside serves as TiN substantially, the inclination hard layer itself is 
excellent in adhesion intensity to the cemented carbide base, and knowledge - even if it does not form a TiN layer as the 1st layer 
specially, the almost equivalent adhesion effect is acquired ~ was acquired. 

[0006] This invention is accomplished based on this knowledge (a). On the front face of a cemented carbide base Cover a 
titanium-nitride layer and an inclination hard layer is covered on the aforementioned titanium-nitride layer. The cutting tool 
cutting tool made from an inclination hard layer covered cemented carbide which furthermore comes to cover a titanium-carbide 
layer on the aforementioned inclination hard layer, (b) It has the feature in the cutting tool made from an inclination hard layer 
covered cemented carbide which covers an inclination hard layer on the front face of a cemented carbide base, and comes to cover 
a titanium-carbide layer on the aforementioned inclination hard layer further. 

[0007] In order to form the compound enveloping layer containing the inclination hard layer in the cutting tool made from an 
inclination hard layer covered cemented carbide of this invention, physical-vapor-deposition equipments, such as an ion plating 
system, are used. The mixed gas introduced into the aforementioned physical- vapor-deposition equipment carries out fixed time 
introduction so that it may become nitrogen gas: 100% and hydrocarbon gas:0% at first, and with advance of a physical vapor 
deposition, as shown in the graph of drawing 1 , this mixed gas While decreasing the amount of nitrogen gas introduction 
continuously, it supplies so that it may be in inverse proportion to this, and hydrocarbon gas may be increased continuously, and it 
introduces so that it may finally become nitrogen gas:0% and hydrocarbon gas: 100%, and fixed time maintenance of this state is 
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carried out. Although the amount of nitrogen gas introduction and the amount of hydrocarbon gas introduction are changed 
continuously linearly, it is not limited to this and you may make it change continuously in curve in the graph of drawing 1 . 
[0008] Thus, the compound enveloping layer in the cutting tool made from an inclination hard layer covered cemented carbide of 
this obtained invention As shown in drawing 2 , when it consists of a titanium-nitride layer, an inclination hard layer, and a 
titanium-carbide layer and the aforementioned inclination hard layer is expressed with Ti (CxNy) [x+y=l [ however, ]], the value 
of x and y The value of 0<=x<=l and 0<=y<=l within the limits is taken, and C and N have the concentration distribution so that 
x may be set to 0->l and y may be set to 1 ->0. 

[0009] Therefore, since the field of the inclination hard layer which touches the titanium-nitride layer covered by the cemented 
carbide base is set to x= 0 and y= 1 and serves as TiN substantially, the adhesion over a titanium-nitride layer is excellent, and 
since the field of the inclination hard layer which touches a titanium-carbide layer is set to x= 1 and y= 0 and serves as TiC 
substantially on the other hand, the adhesion over a titanium-carbide layer will be excellent. 

[0010] By covering the aforementioned inclination hard layer as an interlayer, rather than the case where the conventional TiCN 
(however, C:N= regularity) layer is made into an interlayer, the adhesion over the titanium-carbide layer of an outermost layer of 
drum will be excellent, and the long cutting tool made from a hard layer covered cemented carbide of a use life will be obtained. 
As for the aforementioned inclination hard layer thickness, it is desirable that it is 30 micrometers or less. If 30 micrometers is 
exceeded, the difference of heat expansion between bases will become large at the time of cutting, a crack arises, and it becomes 
easy to exfoliate. It is desirable that the aforementioned inclination hard layer is 0.5 micrometers or more on the other hand since 
less than 0.5 micrometers is not enough as hard layer ablation depressor effect. 

[001 1] Furthermore, you may cover an inclination hard layer directly to a cemented carbide base, without forming a 
titanium-nitride layer. As the mixed gas in this case is introduced so that it may become nitrogen gas: 1 00% and hydrocarbon 
gas:0% at first, and immediately shown in the graph of drawing 3 , while decreasing the amount of nitrogen gas introduction 
continuously with advance of a physical vapor deposition It supplies so that it may be in inverse proportion to this, and 
hydrocarbon gas may be increased continuously, it introduces so that it may finally become nitrogen gas:0% and hydrocarbon 
gas: 100%, and fixed time maintenance of this state is carried out. Although the amount of nitrogen gas introduction and the 
amount of hydrocarbon gas introduction are linearly changed continuously also in the graph of drawing 3 , it is not limited to this 
and you may make it change continuously in curve. 

[0012] Thus, the compound enveloping layer in the cutting tool made from an inclination hard layer covered cemented carbide of 
this obtained invention As shown in drawing 4 , when it consists of an inclination hard layer and a titanium-carbide layer and the 
aforementioned inclination hard layer is expressed with Ti (CxNy) [x+y=l [ however, ]], the value of x and y Take the value of 
0<=x<=l and 0<=y<=l within the limits, and the concentration distribution C and N are indicated to be to drawing 4 by changing 
so that x may be set to 0->l and y may be set to 1 ->0 is shown. Since the field of the inclination hard layer which touches a 
cemented carbide base serves as a TiN layer substantially, the adhesion over a base is excellent, and since the field of the 
inclination hard layer which touches a titanium-carbide layer is set to x= 1 and y= 0 and serves as TiC substantially on the other 
hand, the adhesion over a titanium-carbide layer will be excellent. 
[0013] 

[Example] Below, the cutting tool made from an inclination hard layer covered cemented carbide of this invention is concretely 
explained based on an example. 

[0014] As example 1 raw-material powder, respectively Mean-particle-diameter:3micrometer Co powder, TiC powder, TaC 
powder and WC powder are prepared, these powder Co powder: 9 % of the weight, It blends so that it may remain and may 
become :WC powder 2% of the weight. TiC powder: -- 1 % of the weight and TaC powder: - After mixing, it cast to the green 
compact, and this green compact was sintered on condition that usual, the sintered compact was manufactured, and the chip made 
from WC basis cemented carbide which carries out the grinding of this sintered compact, and has the configuration of ISO 
specification TNGA 160408 was produced. 

[0015] Next, it equipped with this chip made from WC basis cemented carbide above [ in the usual ion plating system ], and, on 
the other hand, was filled up with Ti metal down [ in the aforementioned ion plating system ]. The inside of the aforementioned 
ion plating system is held to the vacuum of lxl0-5Torr in this state, the temperature up was carried out to 700 degrees C by 
programming-rate:6 degrees C /, and min., holding to this temperature continuously, it held in Ar gas atmosphere of 5xl0-2Torr, 
and bombardment cleaning was carried out. 

[0016] Furthermore, while carrying out heating evaporation of the Ti metal by energization etc., a thickness :0.5micrometer TiN 
layer is formed in the chip front face made from WC basis cemented carbide, supplying only nitrogen gas for 10 minutes from a 
feed hopper. Then, the pressure in an ion plating system is maintained to 1 .0xl0-4Torr, introducing acetylene gas and discharging 
from an exhaust port, while reducing supply of nitrogen gas. Supply so that the nitrogen gas amount of supply may finally be set to 
0, making it change continuously so that the mixing ratio of nitrogen gas and acetylene gas may be in inverse proportion, and a 
physical vapor deposition is performed. A :3.0micrometer inclination hard layer is covered in thickness on the front face of the 
aforementioned TiN layer, further Then, only acetylene gas was introduced, the thickness:0.5micrometer TiC layer was formed, 
and this invention inclination covering chip 1 which covered the hard layer which becomes the front face of the chip made from 
WC basis cemented carbide from a TiN layer, an inclination hard layer, and a TiC layer was produced. 
[0017] Acetylene gas is introduced, while carrying out nitrogen gas supply and reducing supply of nitrogen gas immediately in 
example 2 example 1 . The pressure in an ion plating system is maintained to 1 .0xl0-4Torr, discharging from an exhaust port. 
Supply so that the nitrogen gas amount of supply may finally be set to 0, making it change continuously so that it may be in 
inverse proportion in the mixing ratio of nitrogen gas and acetylene gas, and a physical vapor deposition is performed. A 
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:3.5micrometer inclination hard layer is covered in thickness on the front face of the aforementioned chip made from WC basis 
cemented carbide. Furthermore, only acetylene gas was continuously introduced for 10 minutes, the thickness :0.5micrometer TiC 
layer was formed, and this invention inclination covering chip 2 which covered the compound layer which becomes the front face 
of the chip made from WC basis cemented carbide from an inclination hard layer and a TiC layer was produced. 
[001 8] After carrying out bombardment cleaning of the chip made from WC basis cemented carbide produced in the example 1 
for conventional example 1 one side and comparison like an example 1, First, by pouring nitrogen gas for 10 minutes, next 
passing the mixed gas of nitrogen gas:acetylene gas =1 :1 for 60 minutes, and pouring acetylene gas for 10 minutes further The 
compound covering chip was produced conventionally which becomes the front face of the aforementioned chip made from WC 
basis cemented carbide from three layers, a :0.5micrometer TiN layer, a thickness: 3. Omicrometer TiCN (C:N=1:1) layer, and a 
thickness:0.5micrometer TiC layer, in thickness. 

[001 9] The continuation cutting examination and the mtermittent-cutting examination were conventionally carried out about the 
compound covering chip these this invention inclination covering chips 1-2 and on condition that the following. 
1 continuation dry type cutting examination (1) **-ed [ high-speed-cutting examination ] material: - SNCM439 (Brinell hardness 
: 250) and cutting-speed:210 m/min - sending - :0.25mm/rev. - it cut deeply, continuation dry type cutting was carried out on 
condition that :1.5mm**, the crater depth (micrometer) after 20-minute cutting was measured, time (minute) until 
width-of-flank- wear- land VB of a cutting edge is further set to 0.3mm was measured, and those measurement results were shown 
in Table 1 

[0020] (2) **-ed [ inside low-speed cutting examination ] material: - SNCM439 (Brinell hardness : 250) and cutting-speed: 150 
m/min — sending — :0.25mm/rev. - it cut deeply, continuation dry type cutting was carried out on condition that : 1 .5mm**, time 
(minute) until width-of-tlank- wear-land VB of a cutting edge is set to 0.3mm was measured, and those measurement results were 
shown in Table 1 

[002 1 ] 2 **-ed [ intermittence dry type cutting examination ] material: - the pillar object with which four slots stuck to the 
shaft-orientations periphery by the product made from SCN440 (Brinell hardness : 300), and cutting-speed: 100 m/min -- sending 
— :0.21mm/rev. — cutting deeply — the conditions of : 1 .0mm** — dry type cutting — carrying out — ten examinations — the 
cutting edge which the deficit of the cutting edges generated — the number was measured and those measurement results were 
shown in Table 1 
[0022] 
[Table 1] 







KM 


m m 








2 o#mmo 




0. 3mmtC& 


*m 
mm 


42 


3 2 


45 


0/10 


mm. 


49 


3 4 


43 


0/10 


m& 




1 4 


1 8 


5/10 



[0023] The result shown in Table 1 shows that this invention inclination covering chips 1-2 are conventionally excellent in a 
cutting property compared with a compound covering chip. 

[0024] It has composition equivalent to K10 of example 3 JIS B4104, an outer-diameter: 10mm drill is prepared, and 
bombardment cleaning of the front face of this drill is carried out completely like an example 1 . subsequently Supply nitrogen gas, 
form a thickness :0.5micrometer TiN layer, and it continues. The pressure in an ion plating system is maintained to 1.0x1 0-3 Torr, 
introducing acetylene gas and discharging from an exhaust port, while reducing supply of nitrogen gas. A physical vapor 
deposition is performed making it change continuously so that it may be in inverse proportion in the mixing ratio of nitrogen gas 
and acetylene gas. By covering a : 3. Omicrometer inclination hard layer in thickness, introducing only acetylene gas into the TiN 
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layer front face of the aforementioned drill made from WC basis cemented carbide continuously further, and forming a 
thickness:0.5micrometer TiC layer in it The compound enveloping layer which consists of a TiN layer, an inclination hard layer, 
and a TiC layer was formed in the front face of the aforementioned drill, and this invention inclination covering drill 1 was 
produced. 

[0025] It is made to be completely the same as that of an example 2 on the front face of the drill prepared in the example 4 
example 3. Reduce the amount of supply of nitrogen gas simultaneously with supply of nitrogen gas, and it introduces, making 
acetylene gas increase so that it may be in inverse proportion to this. A physical vapor deposition is performed maintaining the 
pressure in an ion plating system to 1 .0x1 0-3 Ton*. By covering a :3.5micrometer inclination hard layer in thickness, introducing 
only acetylene gas into the front face of the aforementioned drill made from WC basis cemented carbide continuously further, and 
forming a thickness:0.5micrometer TiC layer in it The compound enveloping layer which consists of an inclination hard layer and 
a TiC layer was formed in the front face of the aforementioned drill, and this invention inclination covering drill 2 was produced. 
[0026] Nitrogen gas, nitrogen gas: acetylene gas after carrying out bombardment cleaning of the drill prepared in the example 3 
for conventional example 2 one side and comparison = by passing gradually the mixed gas of 1 : 1, and three kinds of gas of 
acetylene gas The compound covering drill was produced conventionally which has the compound enveloping layer which 
becomes the front face of the aforementioned chip made from WC basis cemented carbide from three layers, a :0.5micrometer 
TiN layer, a thickness: 3 .Omicrometer TiCN (C:N=1 : 1) layer, and a thickness:0.5micrometer TiC layer, in thickness. 
[0027] The hole dawn examination was conventionally carried out about the compound covering drill these this invention 
inclination covering drills 1 -2 and on condition that the following. 

3 **-ed [ hole dawn examination ] material: - thickness: -- thick-plate cutting-speed: which consists of 20mm SCN440 (Brinell 
hardness : 220) - 60 m/min -- sending - the conditions of :0.2 mm/rev.** -- the through-hole dawn of 2500 holes -- carrying out 
— all — length-of-cut:50m hole dawn was performed, the abrasion loss of the margin section of a drill and the abrasion loss of 
****** were measured, and those measurement results were shown in Table 2 
[0028] 
[Table 2] 
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[0029] The result shown in Table 2 shows that this invention inclination covering drills 1-2 are conventionally excellent in 
abrasion resistance compared with a compound covering drill from the place with little abrasion loss of the margin section by hole 
dawn, and ******. 

[0030] End-mill preparation is carried out. composition equivalent to example 5 JIS M20 - having - outer-diameter: 6mm — A 
thickness:0.5micrometer TiN layer is formed in the front face of this end mill completely like an example 1 . Acetylene gas is 
introduced, while continuing and reducing supply of nitrogen gas for mixed gas. On the other hand, the pressure in an ion plating 
system is maintained to 1.0x1 0-3 Torr, discharging used nitrogen gas and used acetylene gas from an exhaust port. A physical 
vapor deposition is performed making it change continuously so that it may be in inverse proportion in the mixing ratio of 
nitrogen gas and acetylene gas. By covering a : 3. Omicrometer inclination hard layer in thickness, introducing only acetylene gas 
into the TiN layer front face of the aforementioned end mill made from WC basis cemented carbide continuously further, and 
forming a thickness:0.5micrometer TiC layer in it The compound enveloping layer which consists of a TiN layer, an inclination 
hard layer, and a TiC layer was formed in the aforementioned end-mill front face, and this invention inclination covering end mill 
1 was produced. 

[003 1] Acetylene gas is introduced while reducing supply of nitrogen gas completely like an example 2 on the front face of the 
end mill prepared in the example 6 example 5. On the other hand, the pressure in an ion plating system is maintained to 
1 .0x1 0-3 Torr, discharging used nitrogen gas and used acetylene gas from an exhaust port. A physical vapor deposition is 
performed making it change continuously so that it may be in inverse proportion in the mixing ratio of nitrogen gas and acetylene 
gas. By covering a :3.5micrometer inclination hard layer in thickness, introducing only acetylene gas into the front face of the 
aforementioned end mill made from WC basis cemented carbide continuously further, and forming a thickness:0.5micrometer TiC 
layer in it The compound enveloping layer which consists of an inclination hard layer and a TiC layer was formed in the 
aforementioned end-mill front face, and this invention inclination covering end mill 2 was produced. 

[0032] It has composition equivalent to JIS M20 prepared in the example 5 for conventional example 3 one side and comparison. 
Outer diameter : after carrying out bombardment cleaning of the 6mm end mill like an example 1 , by passing gradually nitrogen 
gas, the mixed gas of nitrogen gas:acetylene gas =1:1, and three kinds of gas of acetylene gas Compound covering end-mill 
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production was carried out conventionally which has the compound enveloping layer which becomes the front face of the 
aforementioned chip made from WC basis cemented carbide from three layers, a :0.5micrometer TiN layer, a 
thickness:3.0micrometer TiCN (C:N=1 : 1) layer, and a thickness :0.5micrometer TiC layer, in thickness. 
[0033] These this invention inclination covering end mills 1-2 and conventionally, compound covering end-mill ****** and on 
condition that the following, the wet piece shaving examination of the steel by the down cutting method was carried out, and the 
result was shown in Table 1 . 

4 **-ed [ Wet Piece Shaving Examination ] Material of Steel by Down Cutting Method : S43C, a cutting speed : 60 m/min, 
delivery: 0.01 mm/rev. per one edge, the slitting depth : 1 5mm, slitting width of face : The wet piece shaving examination was 
performed on condition that 0.05mm**, the surface roughness (Rmax) of 0.2mm or more or a **-ed material vertical plane made 
the life the time of being set to 3.0 micrometers or more, and the abrasion loss of the margin section of an end mill measured the 
time to ** per 5 minutes to this life. 
[0034] 
[Table 3] 
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[0035] The result shown in Table 3 shows that this invention inclination covering end mills 1-2 are conventionally excellent in a 

compound covering end-mill ratio **** cutting life. 

[0036] 

[Effect of the Invention] From the result shown in the aforementioned examples 1-6 and the conventional examples 1-3, the 
cutting tool made from an inclination hard layer covered cemented carbide of this invention has the performance which was 
excellent compared with the conventional cutting tool made from a compound hard layer covered cemented carbide, and brings 
about the effect which was excellent on industry. 



[Translation done.] 
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